A novel control valve using MR fluid (MR valve) is proposed for fluid control systems. The MR or Magneto-Rheological fluid is a newly developed functional fluid whose apparent viscosity is controlled by the applied magnetic field intensity wider than that of Electro-Rheological fluid. The MR valve consists of a flow channel between a pair of magnetic poles and the differential pressure is controlled by the applied magnetic field intensity. It features simple, compact and reliable structure without moving parts.
INTRODUCTION
A novel control valve using MR fluid as a working fl uid is proposed for fluid control systems. The MR or Magneto-Rheological fluid is a newly developed functional fluid whose apparent viscosity is controlled by the applied magnetic field intensity. Larger yield stress can he easily controlled with the MR fluid than with ER or Electro-Rheological fluid whose apparent viscosity is controlled by the applied electric field strength [1] . With application of the MR fluid, high level fluid power is expected to be controlled with simple, compact and reliable structure without moving parts. However, previous application researches have been focused on active dampers [1] - [3] , brakes [1] and actuators [4] . There are few researches on application to fluid control components.
In this paper, firstly, a control valve using MR fluid is proposed for fluid control systems. Secondly, a 2-port control valve is fabricated. Then the static characteristics vertically. The applied magnetic field intensity is controlled by the electric current of the electromagnet. The MR fluid flows through the flow channel as a working fluid. Suppose that the differential pressure is maintained at constant. Without magnetic field as shown in Fig. 1(a) , the apparent viscosity is low and the flowrate through the MR valve is high. When the magnetic field is applied as shown in Fig. 1(b) , on the other hand, the apparent viscosity is high and the flowrate becomes low. However, for constant flowrate, the differential pressure is low in Fig. 1(a) and high in Fig. 1(b) . In this way, the fluid power through the MR valve is controlled by the applied magnetic field intensity or the electric current of the electromagnet.
The proposed MR valve has simple structure without moving parts and controls fluid power through the MR valve directly by the electric current, hence it is expected to realize compact and reliable fluid control components. Also, as the simple structure is good for miniaturization, it is expected to be applied to the micromachines using fluid power which the authors have been developing [5] .
Of course, some active dampers using MR fluid reported previously have MR valves in the components. However, the required performance for the active dampers are mainly on transient characteristics and are different from the MR valve for fluid control systems.
FABRICATION OF MR VALVE
To investigate the basic characteristics of the MR valve, a 2-port MR valve is fabricated as shown in Fig. 2 . The fabricated MR valve consists of a flow channel, a pair of magnetic poles and an electromagnet. The magnetic poles have parallel plate faces with W=20mm in width, L=30mm in length and G=3mm in gap length. The magnetic material is mild steel and the nonmagnetic material is brass. Diameter and the number of turns of a wire for the electromagnet are lmm and N=910, respectively. The measured electric resistance is 3.1Q. The MR fluid is MRF-126QD developed by Lord Co., Ltd., USA. The density is 2.7x103kg/m3 and the measured base viscosity is 0.9Pa.s at room temperature.
The magnetic flux density Bo between the magnetic poles in air is measured by using a gauss meter. The marks in Fig. 3 show the relation between the magnetic flux density Bo and the electric current I of the electromagnet. The solid line in Fig. 3(b) shows the analyzed results as follows: (1) where, H0: the magnetic field intensity between the magnetic poles in air and Ito: permeability in vacuum. Equation (1) is obtained under assumptions that both magnetic leaks and reluctances of the core are negligible small and the magnetic flux density is homogeneous between the magnetic poles. It is found that the magnetic flux density Bo increases linearly with some hystereses for small electric current 1, although there is saturation for large electric current I, which is caused by nonlinear characteristics of the magnetic material. There are some differences between the measured and analyzed results because of the magnetic leaks and reluctances of the core. For the same electric current I, the magnetic field intensity in MR fluid is slightly different from the value in air, however, in the experiments in chapter 4, for simplification, the magnetic fi eld intensity is estimated as Ho based on the results of Fig. 3(b) having the hystereses.
STATIC CHARACTERISTICS OF MR VALVE

Experimental Apparatus
With an experimental apparatus shown in Fig. 4 , the static characteristics of the fabricated MR valve are Section A-A Fig. 2 Fabricated MR valve experimentally investigated. In the experiments, the fl owrate Q through the fabricated MR valve is varied by manually adjusting the throttle valves A and B which divide an output flowrate of the gear pump. The upstream and downstream pressures P. and Pd are measured by semiconductor pressure sensors and the differential pressure AP=Pu-Pa is calculated. The electric current of the electromagnet is 1=0 -0.78A (I•N=0 -710A•tums) and the magnetic field intensity Ho is estimated based on Fig.  3(b) 
Experimental Results
The obtained results are shown in Fig (1) The MR valve is proposed for fluid control systems.
(2) The static characteristics are experimentally clarified. The proposed MR valve has static characteristics corresponding to a pressure control valve.
(3) The input electric current and power changes of 710A.turns and 1.9W produces the differential pressure and output power changes of 0.68MPa and 20W. The dynamic characteristics are under investigations through experiments.
